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4. Follicles

5. Diffused

6. Epithelium-Associated Lymphoid Tissues

7. Mucosa-Associated Lymphoid Tissues (MALT)
8. Skin Immune System (SIS)

9.Peyer’s Patches

10. Gut-Associated Lymphoid Tissues (GALT)
11. Bronchial-Associated Lymphoid Tissues (BALT)
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12. Nasopharyngeal -Associated Lymphoid Tissues (NALT)
13. Centrd

14. Yolk Sac

15. Peripheral

16. Lymph nodes
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17. Sternum

18. Bilobed

19. Septa

20. Lobules

21. Cortex

22. Medulla

23. Hassal’s Corpuscle
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24. Mediastinum
25. Thymocyte
26. Major Histocompatibility Complex
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29. Stem cell
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31. Periarteriolar lymphoid sheaths
32. Margina zone
33. Portal

Lz



“Reform

Y a1l pole oo 558 gigesl — gl SLaEt— p sl S

Primary

follicle

Marginal .
zome White
Periarteriolar | PUIP
lymphoid

sheath (PALS)

Germinal center

Artery

Jlb 30,5 g s U € S

(Lymph Nodes) sqled slo,s

b S Jolge ade  oolansl olis lagusl xS JSG aald Wl 0 & as olasl (glat) (glaoS
e pie (e Oy & bl Az ol (alid GbS; b o L i G 3 39290 sl
Ao Ol 4 o clacdl 4 ond 3y slagyj bl ade polasd] clagul (oS Ko

9l o) Job p3 & it bacagdl) | (58 9 JSS ologd b 95 So S Claeas p Joitde (55lid (slao)S
el yuiio o Slwgd 5l e U yie e din 3l Ll 851051 los @Bl oy sl s

™ S0, G S35 b (628 a1 4355k &5 )8 e Ciliss i s & (lsicee |y gslid) 05 S
15 S sk )l gl K38, b ok (slapmon bl ) s dus cl Yo b (655 s Caanid 5 S35 shos Caanid
Sy glosbs 5 wibySle ¢ B slacuusid 4 “Baos el uSi)sSly (6388 Coond plon & Cond ()6
adgl o JsSdgh I pam (S5l 2)65 2 Ao o o ool JSUi ) (5lad) (slo J5Ssh oS 39500 0,58 5 (JsSgh
i (L) 55 0 ) gl ;%> (S

Sz ol 4 e 5 T (slocuuwsisd & “bias @B S8 (uS5,08 dob 5 0 & (S)Shl Cond
sl 00 o 53 (S5 98k Cannnd pogers 38U (sl hge )3 D95 0 2)08 0 (Jgese

My Jo & pbdulawdly 0hy 4 g bepwsit) I dloasSTy Cumer Jold o5 Allioo Yibo @b o i os
B JS3) 1l o (ool 5]

9l S Sl oobj sl lawgs 4 o dblal (IS I (a8 aisen S8l uin | JguS bawg (5glid 05 o
i) aleie 4dss « JguS 05 50 dgse slad JSI 1) i (gglid oS 03,5 o ¢lge cilisee bl 3 ol
S5 s ol Gy b ) g ol 0 B canad )3 1y (oolid 05 5 0 Yiae Cuand 3y (uS5ysS b
led oo

34. Afferent
35. Paracortex
36. Hilum

37. Efferent
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39. Keratinocytes
40. Melanocytes
41. cytokines

42. Monokine
43. Lymphokine
44, Interleukin
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45. Pleiotropism

46. Interferon-gamma

47. Tumour Necrosis Factor (TNF)
48. Endocrine

49, Paracrine

50. Autocrine

51. Hematopoiesis
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52. Acute Phase Response
53. C. Reactive Protein
54. Chemokines

55. Chemotaxis
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56. Cachexia

57. Septic Shock

58. Disseminated Intravascular Coagulation (DIC)
59. Lymphokine Activated Killer (LAK) cells

L3



“Referm

Y a1l pole oo 558 gigesl — gl SLaEt— p sl S

(IEN-y) LS 9,8 ) @l gl b ablie —
5 CDA™ T lacausid uSsnlo ol 308 Mg cbdslo oyt 1L-4 ls ((IL-5) 06— pSgl il @
3l o by oo
bl o ) 3ylge p Jesie [L-5 3aae il !
il B gl (ol whe Sl Sl dler S &S b didg ol led g Ay S0 g 3 le JUb -
AGA g o5 g lacuwsid ples g 4y oo -
ale olaile gl o andl oyl Joho el slogul Wl o ads i [L-12 :(1L-12) Y Y~ Sy | @
el Sl 4 pre sl G glsis ags ko B slac See
i Sy )203 (sl gl g Jlb sfly Sle (S gule cpl 84S W slaJgh o iage
sl a,le [L-12 aee il
NK sl sk 5 T slocusitd busg (IFN-7) LI 5,800 g S0 -
IFN-y 5025 WJs Ty (clacuwsid cons 4 CDA' T clacuuwsis) o Sy -
NK clo Joko 5 CD8" T (clacumsgid Lasgs o Joko ) cugis -
Wl bld o dul oyl 3l bggdpnl dwd syl 4 [FN-y: (IFN-y) LE g8 501 o
23,5 0l 9,85 leie cow Wl 5l b g g iS5 ) o anle 5l 6,5 ol (iNterference)
—oaprl p Jetie | g5 slagyg il (type H) 11 g 5 (typel) | ey saisl o g5 93 2 Joiiie logygsb it
I eg ol 4 baye (Juol )3 dawgpg wdy > aldlie oS wib o (IFN-B)— 98,00 9 (TEN-0) Wi
locusdlgyd 5 locuwsS) 5l Ole iy 4 IFN-B glFN-0.sals sladshs o ytage bl oy il
sl e
SIS o b 2y ol gl slagel 55y 1y (g S il o ol ] 55 98l dFN-y
SeSggolo T ladgbo 5 Ty lacumsid NK- glaJgbo 51 )le « IFN-y 608 a5 laJgho cp pioga
sk (CD8Y)
55105 ke TFN-y gl oy yioge
e Y3 oS Wil o 5log S ko 50 Jlub ,eiSla IFN-Y ayid clapl I (S0 3log Sl sl Jub -
Sy 0135 aiS (psnbe ol Sl ule 5l L & syls il
gho p 7S oS basse 5 (I1) 9 5 () K o MHC (sl Jgsge jop oo -
(APC) 5l 848 a0 slo Jolo
Thy (sl Jsko 2555 e 5 T1sla Joho a2 CDA'T sl Jgbo L5 S5 -
(ub3e 2 19GL 5) IGE 1J55 Jlae 5 (5o 2 19G28 Jio) 190G (slo oS 5 | oin 5 Sopos —
laJudg g il JUb -
NK Jobo lawsgs Ban Joloo (53lngel b St colld Sypo0 -
o 3 JsSs0 cnl 86 ¢ no Ll )3 oS ala Sl o 1 9 o MHC (cla JoSge sbrl 59 -
Al o 295
S el o ded 0I5 and slacplgtle Jl (S)p Bl p Jetie (oledl lacplgnle I S due
ly odlgils cpl pb c39d 1 blod a4y g oo 0> o] il Cuow 4 5 uwsS) wSTgeS b jbcgs oS >

60. Macrophage Activating Factor (MAF)
61. Costimulatory
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62. Chemokine

63. Chemotactic Cytokine

64. Cysteine

65. N-terminal

66. Macrophage Inflammatory Protein-1
67. Colony Stimulating Factors (CSFs)
68. Granulocyte Macrophage-CSF

69. Macrophage- CSF

70. Granulocyte-CSF
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71. Multilineage-CSF

72. Progenitor cells

73. Transforming Growth Factor-beta
74. Fibroblast Growth Factor (FGF)
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75. Platelet Derived Growth Factor (PDGF)

76. Epiderma Growth Factor (EGF)

77. Vascular Endothelia Growth Factor (VEGF)
78. Athero sclerosis

79. Multiple Sclerosis (MS)

80. Psoriasis

81. Chronic Granulomatous Disease

82. Systemic Lupus Erythematosus (SLE)
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Humoral immunity

) The fwo pathways linking innate
and acquired immunity which provide the
basis for humoral and cell-mediated immunity

respectively.
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Specificity ) ) ) )
of related microbes nonmicrobial antigens
Diversity Limited Very Large
Memory None Yes
Nonreactivity to self
Yes Yes

Components

Skin, mucosal epithelia;

) ) ) antimicrobial chemicals Lymphocytes in epithelia, antibodies
Physicl and chemical barriers
Complement secreted at epithelial surfaces
Phyagocytes
Blood proteins (macrophages,neutrophils), Antibodies
Cells natural killer cells Lymphocytes
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1. isotypic 2. allotypic 3. idiotypic

Variability ofimmunoglobulin structure. Al
immunoglobulins have the basic four-chain structure. The
variability of differentimmunoglobulins is of three types.

1. Isotypic variation is present in the germ line of all members
of a species, producing the heavy (u, d, v, &, @) and light chains
(%. 1), and the V region frameworks (subgroups).

2. Allotypic variation is intraspecies allelic variability.

3. Idiotypic variation refers to the diversity at the binding site
and in particular relates to the hypervariable segments of the
antibody-combining site (paratope).
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peptide . mouse human
igH 12 14
I8 16 22
% 6 2
14 14
] 7
13 7
14 14
MHC 17 6
B,-microglobulin 2 15

Chromosome location of MHC and antigen
receptor genes. The numbers refer to the chromosomal
location of the genes for the various peptides inman and
mouse. Note that all of the loci are completely separate, with
the single exception of the T cell receptor (TCR) d chain which
lies within the TCR o gene loci.
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H chain locus (chromosome 14 . -.-..-.-I-'- The human (A| and mouse (B)
i ( ) ! ‘sa"agcgbou"aleg:;gs- heavy chain, « light chain, and A
(n = ~200) o0 || / light chain loci are shown, as indi-
L1Vl LnVyun Dy (n >20) Ju Cy Cs ca Gy

cated. Exons and introns are not
drawn to scale. Numbers in italics
refer to approximate lengths of
DNA segments in kilobases. Aster-
isks indicate nonfunctional pseudo-
genes. Each Cy gene is shown as
@ single box but is composed of
several exons, as illustrated for C.

s HEE-

19 =13 25 = 30 19 23 10

[ﬁhain locus [nhromosoma 2] I Gena segments are indicated as
: g follows: L, leader (usually called
n=-~ signal sequencel; V. vanable; 0. di
: L1V LnVin . Je Ce 7 versity; J, joining; C, constant.
: i - -

[ chain locus (chromosome 22) |

(n = ~100)
Livil  LaVin hi Gl 42 G2 43 3 hd G4 U5
5

@r:ouse

chain locus (chromosome 12) |

(n = 250-1000)
LIVl LnVyn  Dy(1-12)

[k chain locus (chromosome 6) |

{n = ~250)
LIV LoV, Je Ce

5

[ chain locus (chromosome 16) |

L2v,2 h2 G2 L1V;1 43 G3 41 Gt
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Germ-line L Vi1

k-chain DNA sf_l_.

Rearranged x-chain DNA .-,“ : l.]_D_E_ 3

{ Transcription
L Ve I Jx G

N p i

Polyadenylation
_RNA splicing

Primary RNA transcript

£ LY.] Ce
mRNA J.G _Poly-A tail

J Translation

0 [ e

Nascent polypeptide

K light chain
Kappa light-chain gene rearrangement and RNA processing
events required to generate a K light-chain protein. In this

example, rearrangement involves joining of Vy23 and ] 4.
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Recombination
sequences. | his diagram shows the
sequences of introns next to the V
and J genes (kappa light chains)and
V, Jand D genes (heavy chains)
which are involved in recombination
of these genes. The recombinational
events involved in VJ splicing and
VDJ splicing are facilitated by the
base sequences of the introns
following the 3’ end of Vand D
matching up with the bases
preceding the 5' end of Jand D, Base
pairing between these sequences
apposes the exons. Note that
individual base pair sequences may
vary slightly from the stated ones but
the heptamer/spacer/nonamer
pairing patterns remain. Itis thought
that enzymes related to those
involved in DNA repair effect the join.

kappa chain heavy chain

B cxons B cytosine == guanosine
[ introns: unpaired sequences = adenocsine C— thymosine
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. e
Maternal
chromosomes

R B
Paternal
chromosomes

Gene rearrangement

Maternal H chain

Maternal
K chain

Maternal
H chain

Paternal
A chain

Because of allelic exclusion, the immunoglobulin heavy- and light-
chain genes of only one parental chromosome are expressed per cell.
This process ensures that a single B cell will be specific for a given
epitope. The selection of which allele of each pair is rearranged to
produce a functional gene is random. Thus the expressed immuno-
globulin may contain one maternal and one paternal chain or both
chains may derive from only one parent. Only B cells and T cells
exhibit allelic exclusion.
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L Cy Cs Cus Cys Crap Cros C, Cq
1 | || ||
Su S Sy Syzv Sy2a Se Sa
Isotype switching

J L

e

switching involves recombination intervening DNA. The initial switching event takes place from the
c signals. Repetitive DNA sequences are u switch region; switching to other isotypes can take place
nt of each of the immunoglobulin constant-region subsequently from the recombinant switch region. S = switch
1 the exception of the & gene. Switching occurs by region.

between the switch signals, with deletion of the

& JUB Gledsls jo lais a5 widl o slasl MRNA zbko o Switching. IgD 4 IgM lojen adgi o

5 IgD oy lp) e e 7, &,05 4 MRNA #hu o Switching da WM 55 plo cols 0 00 o

Switching (| MRNA 5, jl aez 5 o (lod 4 Jg 358 o5 plol o] 28ls slixe & Switching. IgM
(A JS2) (0555 oo MRNA gl o
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IgD expression is regulated
by RNA processing. Transcription of
the p and & genes can terminate at one
of two sites, either after the u gene

segments (pA1) or after the & gene vDJ Cu pAl Cs pA2
Segments (pA2) whers PA s o o EEEEE-E
polyadenylation site. For simplicity we

have not shown all the individual

constant-region exons. Transcripts that rea - -

terminate at pA2 are spliced to remove
the u constant-region exons, giving an
mRNA encoding a  heavy chain. The mANA - AAA
relative amounts of IgM and 1gD
produced can be varied by regulating
either RNA termination or the splicing of
the u-4 transcript.

IgM

voJ i pAl Gy pA2

o .
|
s~ v+

gD

Sy 4 oh 5 Nigdios i sle Jsho w3 02inS lyie 4 o isssisel loe &5 jskilen

S sphe el Gl 8 ol ol Ui Jlo gt by g s bidelendl bug il
o3 it bl plyie 4y (B 5 000 S 08 4 i 52lS gisn
sidw Domain > eusjle a5 Cpy b Cpy Slakad 5 s g VDI 5l 610 asens ol  IgM sl sy
@l 50 5l om 45 05 99 Gl 19,0 09z S0 15 99 € sleds 5l ey bl 0 09se el aiin IGML 2l
SURCHIERGNHICRL PYICISICE SR BTy @

Secreted Component (SC) .

Membrane Component (MC)
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Transmembrane and
secreted forms of immunoglobulins
are derived from the same gene by
alternative RNA processing. Each
immunoglobulin gene has two exons

Cu3 Cuyd SC pAg MC pAm

| L vou &3 Cy2
AHE- - (MC:; yellow) that encode the

transmembrane region and cytoplasmic
tail of the transmembrane form and an
SC sequence (orange) encoding the
carboxy-terminus of the secreted form. In
the case of IgD the SC sequence is
present on a separate exon but for the
other isotypes, including IgM shown
here, the SC sequences are contiguous
with the last constant-domain exon. The
events that dictate whether an
immunoglobulin RNA will encode a
secreted or transmembrane
immunoglobulin occur during the
processing of the initial transcript. Each
immuneglobulin gene has two potential
transcription termination sites (shown as
pAs and pAm). In the upper panel, the
transcript terminates at the second site
(pAm). The transcript is spliced to an
occult splice donor site in the last
C-region exon to remove the'SC
sequences and to join the MC exons,
generating the transmembrane form of
immunoglobulin. In the lower panel, the
transcript terminates at the first site

R VAT e (pAs), ing the trar brane

C-terminui for

exons and giving rise to the secreted
variant.
Ctermi
for secreted IgM
1had ol ol Ao
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(A) Human TCR loci

[[Human TCR B chain locus (chromosome 7) | .—I---

(n = 75) : —
L1 Vg1 Ln Vgn a1~ D2 .|,,2

[ Human TCR o, & chain locus (chromosome 14) |

(n=-50)
L1 Va1 Ln Van Ju (n = ~50-70) Cu
4 i [ .
s HF--HE———HHH{HH—— e -
e —— o sil
e —— a enh
L1 Vsl L2 Va2 L3 Vi3 Ds1052D43 Js1 Js2 Cs L4 Vgd
—HE - —HHHHHHEEHHE-
& enh
[Human TCR & chain locus (chromosome 7) |
(n=8)
L1 v Ln Vn Ja ci J2 cez

Q Mouse TCR loci

[Murine TCR B chain locus (chromosome 6)] —--l---

(n = ~20—-30)
L1 Vgl LnVgn Dyl Jpt Gy 1 D2 IR Cp2  L14Vyla

[ Murine TCR @.  chain locus (chromosome 14) |
(n=-~75)

L1 Vg1 Ln V,n Ja (~50-250) Cu
e e --=----O} e £ o enh
L1 Vst Ln Vsn Ds1DanJs1dsn Cs L5 Vg5 |

4

& enh

| Mutine TCR Tchain locus (chromosome 13) |
T T LW o c2 42 LV,LVYJ.,A ca

{II-*I-III#EF-I#IEH]-#-EV H

Figure 7-6 Germline organization of TCR loci.
Tha Ilulrmn IA! and mouse IBI TCR o, B, v, and & chain loci are shown, as indicated. Exons and introns are not drawn to scale.

g . Each {C) gene is shown as a single box but is composed of several exons,
as illustrated for C,l. Gene seumams are indicated as follows: L, leader (usually called signal sequence); V, variable; D, diversity; J,
joining; C, constant; Enh, enhancer. TCR, T cell receptor.
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Experimental evidence for junctional flexibility in immunoglobulin-  the signal joints contrasts with the sequence variability in the coding
gene rearrangement. The nucleotide sequences flanking the coding  joints. Pink and blue screens indicate nucleotides derived from Vy:21
Joints between Vi 21 and il and of the corresponding signal joints  and J,J, respectively, and green and yellow screens indicate nucleo-
were determined in four pre-B cell lines. The sequence constancy in tides from the two CSSs.
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MECHANISM OF DIVERSITY HEAVY CHAIN K

* The estimared number of variable-region segments in | BNAi;u._fallm_-i?oVu,wbmms-ﬁucﬁonﬂjmmﬂvx-mdilﬁ‘I
= of b .‘ 2% .'h. . areid . .mthu“_mmmm,“

Tt ihdimﬁﬁ%i— m makes a signficant contribution to diversicy but to an un} n extent. (=) indicates mechanism does not operate.
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* N-nucleotide addition occurs only in heavy-chain DNA.

F Jgue

MECHANISM OF DIVERSITY H CHAIN K CHAIN ot CHAIN B CHAIN ¥CHAIN & CHAIN

A plus sign (+) indicates mechanism makes a significant contribution to dive_uﬁqbut_pu-ip.whmnenpm,a\rrﬁnmai;n (=) indicates
See Figure 11-8d for theoretical number of combinations g 1 by N-region addition.
Total estimated diversity includes contribution from combinatorial association of chains.
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A summary of the
development of B cells. The stages in
B-cell development, their location, the
state of the Ig genes, the expression of

cell-surface molecules, and the
creeselon of critical | lular protei
are all shown.
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Transmembrane
immunoglobulins are found in a
complex with two other proteins, lg«
and Igp. The form of the « protein is
specific for the isotype of
immunoglobulin expressed, the B protein
is common to all.
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B cell antigen receptor complex.
Membrane IgM (and 1gD) on the surface of mature B cells
is associated with the invariant Igee and lg8 molecules that
contain ITAMs in their cytoplasmic tails that mediate sig-
naling functions. Note the similarity to the T cell receptor
complex (see Fig. 6-5). Ig, i globulin; ITAM, i
receptor tryosine-based activation motif.

Extracellular
space

Plasma
membrane

Cytoplasm

Immunoreceptor
tyrosine-based
activation motif (ITAM)
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[ The development of B cells
proceeds through a number of stages
fharked by the rearrangement of the

T immunoglobulin genes. The bone

B cell marrow stem cell that gives rise to the
B-lymphocite lineage has not yet begun to
rearrange its immunoglobulin genes; they
are in germline configuration. The first
rearrangements of a D+ segment to a Ju
segment, occur in the early pro-B cells,
generating late pro-B cells. In the late

Stem cell pro-B cell

£
§
Rk
£
§

H-chain ‘ . - VD4 Vol | vou pro-B cells, a V1 segment becomes joined
genes G rear t | | rearangement rearranged rearranged to the DJH segment, producing & pre-B cell
e | that is expressing both low levels of
L-chain | V-J V) rearranged surface and high levels of cytoplasmic p
genes Seme ST S rearrangement ik heavy chain. Finally, the light-chain genes
7 are rearranged and the cell, now an
u H chain in | IgM immature B cell, expresses both light
Surface Ig Absent Absent Absent cytoplasm and sxwlessed on chains (L chains) and p heavy chains H
| on cell surface cell surface J :
| chains) as surface IgM molecules.
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|Pre— B cell receptorl

* Inhibition of H chain recombination
(allelic exclusion)

= Proliferation of pre—B cells

» Stimulation of x light chain
recombination

Pre—B cell and pre-T cell
The pre—B cell receptor (A) and the pre—T cell receptor (B) are expressed during the pre-B or pre-T
stages of maturation, respectively, and both receptors share similar structures and functions. The pre-B
cell receptor is composed of the p heavy chain and an invariant surrogate light chain. The surrogate light
chain is composed of two proteins, the variable (V) pre—B protein, which is homologous to a light chain V
domain, and a A5 protein that is covalently attached to the u heavy chain by a disulfide bond. The pre-T
cell receptor is composed of the TCR 8 chain and the invariant pre=T « chain. The pre—B cell receptor
is associated with the Ige and 198 signaling molecules that are part of the B cell receptor complex in
mature B cells (see Chapter 9), and the pre—T cell receptor associates with the CD3 and ¢ proteins that
are part of the TCR complex in mature T cells {see Chapter 8). Both pre—B cell and pre-T cell receptors
transduce signals required for further antigen receptor r bination and maturation. lg, immunoglobulin;
TCR, T cell receptor.
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of virgin
Ilymphocyte

I The cellular basis for the
generation of effector and memory cells affer
primary contoct with anfigen. A fraction of the
progeny of the original antigen-reactive
lvmphocyles become nondividing memory
cells ond ofhers the effector cells of either
humoral or, as we shall see subsequently,
cell-mediated immunity. Memory cells require
fewer cycles before they develop info effectors
and this shorens the reaction fime for the
secondary response. The expanded clone of
cells with memory for the original antigen
provides the basis for the greater secondary
relative fo the primary immune response.
Priming with low doses of ontigen can often
stimulate effective memory without producing
very adequate antibody synthesis.
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Production of immunoglcbulin

I A comparison of the " i 3
properties of CD5 B cells and Property CD5 B cells Conventional B cells___T
conventional B cells.
Ontogeny |’7 Early | r Late —|
Renewal | Self renewal Replaced from bone marmw“

1
High | ( Low

|

Specilicity 1 Degenerate | | Precise ’
Isotypes secreted IgM >> 1gG ! { IgG > IgM 1 ;
Somatic hypermutation | Low=none | | High 1
Response to Yoo 1] Maybe l
carbohydrate antigen | Il ?

Response o protein antigen’ ‘ Maybe ‘]I Yes ‘
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Primary and secondary antibody responses.
In comparison with the antibody response following primary
antigenic challenge, the antibody level following secondary
antigenic challenge in a typicalimmune response:
1. appears more quickly and persists for longer
2. attains a higher titre
3. consists predominantly of IgG.
Inthe primary response the appearance of IgG is preceded
by IgM.
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Unimmunized Donor Immunized donor secondary
primary response response
Frequency of specific B cell 1:10*1:10° 1:10°
Isotype of antibody producet IgM>1gG 1gG, IgA
Affinity of Ab low high
Somatic hyper mulation low high
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TCR
b o m 1
recognition

signaling

The outline structure of the
T-cell receptor:CD3 complex. The
receptor for antigens on the surface of T
cells is composed of seven polypeptide
chains. Two are the disulfide-bonded
chains of the T-cell receptor that
recognizes antigen (TCR). The other five
chains, collectively called CD3, signal to
the interior of the cell that
antigen-binding has occurred. These
chains are co-ordinately expressed at the
T-cell surface.
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Extracellular
space
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Immunoreceptor B
tyrosine-based
activation motif (ITAM)

Disulfide bond 5---5

Components of the TCR complex.
The TCR complex of MHC-restricted T cells consists of the «8 TCR noncovalently linked to the CD3 proteins and the ¢ chain.
One possible stoichiometric combination is shown; but this may vary. The associations of these proteins are mediated by

charged residues in their transmembrane regions, which are not shown. MHC, major histocompatibility complex; TCR, T cell
receptor.
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The outline structures of
the CD4 and CD8 molecules. The CD4
molecule exists as a monomer (panel a)
and contains four immunoglobulin-like
domains. The crystal structure of the
first two domains of human CD4 has
been obtained and is shown here in
panel b. The amino-terminal domain, D1,
in white, is similar in structure to an
immunoglobulin variable domain. The
second domain, Dz, in purple, although it
is clearly related to immunoglobulin
domains, is different from both V and C
domains and has been termed a Cz
domain. The first two domains form a
rigid rod-like structure that is linked to
the two carboxy-terminal domains by a
flexible link. The binding site for MHC
class Il molecules is thought to involve __>
both the D1 and Dz domains of CD4.
The CD8 co-receptor molecule is a
heterodimer of an « and a i chain that
are covalently associated by a disulfide
band (panel a) . The two chains of the
dimer have very similar structures, each
having a single domain resembling an
immunoglobulin variable domain and a
stretch of peptide believedtobe ina
relatively extended conformation that
links the variable region-like domain to
the cell membrane. The structure,
shown in panel ¢, is that of a homodimer
of CDBa chains, which both resembles
and functions like the a: heterodimer.
Photographs courtesy of C Thorpe.
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Pre-T receptor Membrane Membrane Membrane
TCR expression  None None (B chain/pre-T o) of TOR o TOR  GBTCR
c-kit* c-kit* c-kit~ CnchE CD4'CD8~or | CD4*CD8" or
CD44+ CDa4* CD44- JCRIODgow  OD4*-CDE* CD4*-CD8*
CD25~ CD25* CD25* TCR/CD3M TCR/CD3N
["Bone marrow | Thymus | [ Periphery |
Positive and Rt Activation
None None None negative s:g“m (proliferation and
selection differentiation)

Overview of thymic maturation.
Precursors of af T cell receptor (TCR)-expressing T cells travel from lhe bone marrow via the blood to the thymus. In the thymic cortex, these cells,
now called thymocytes, express TCRs and CD4 and CD8 ptors. Selecti liminate self-reactive thymocytes and promote survival of
thymocytes whose TCRs bind self-MHC with low affinity. Functional and phanot\rplc differentiation into CD4*CD8~ or CD8*CD4~ T cells occurs in the
medulla, and mature T cells are released into the circulation. The ¥5 TCR—expressing T cells are a[so denvad frnm hone Marrow precursors and
mature in the thymus as a separate lineage. MHC, major histocompatibility complex; TdT, i ;

DSSy58 Besg 00 3y woews w368 4wl TCR 5 CDgCD4CD3 « CD; ¢l Sl 23 a5 Stem cell
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coa4g
‘double-negative’ cells

Q
QO O

1.6°CD3" CD3 4’8"
CD4® large active cells
‘double-positive’ cells

==
O

Chas cDas
small, resting cells
‘single-positive’ cells

-

Changes in cell-surface
molecules allow thymocyte
populations at different stages of
maturation to be distinguished. The
most important cell-surface molecules in
identifying thymocyte subpopulations
have been the CD4, CD8 and T-cell
receptor molecules. The earliest cell
population in the thymus does not
express any of these molecules. Since
these cells do not express CD4 or CD8,
they are called ‘double-negative’. (In the
thymus, 1:8 T cells do not express CD4
or CD8, but these are a minor
population.) Maturation of a:p T cells
occurs through a stage where both CD4
and CD8, as well as low levels of the
T-cell receptor are expressed by the
same cell. These cells are known as
‘double-positive’ thymocytes. Most of
these cells become small double-positive
cells and die in the thymus. Those
whose receptors bind self MHC
molecules lose expression of either CD4
or CD8 and increase the level of
expression of the T-cell receptor. The
outcome of this process is the mature,
‘single-positive’ T cell that is exported
from the thymus.
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Positive and negative selection on the thymus

| CD4-CD8*

| thym ocytes thymic stroma

selected cell
population

high affinity
for self
MHC class |

low affinity
for self
MHC class |

no binding
to self MHC

low affinity
| for self
i MHC class I

high affinity
for self
MHC class Il

CD4*CD8* thymocytes interact with thymic stroma
expressing MHC class | and MHC class Il molecules complexed to
self-peptides. Clones with high affinity for self-MHC class | or class
Il are deleted, as are clones that have no ability to recognize self-
MHC. Clones with low affinity for self-MHC class | are positively
selected and lose their CD4, to become CD8* T cells. Conversely,
those that interact weakly with self-MHC class Il molecules,
mature into the CD4* population.
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Thymocytes of different
developmental stages are found in
distinct parts of the thymus. The
earliest cells to enter the thymus are
found in the subcapsular region of the
cortex. As these cells proliferate and
mature into double-positive thymocytes,
they migrate deeper into the thymic
cortex. Finally, the medulla contains only
mature single-positive T cells, which Cortex
aventually leave the thymus and enter
the bloodstream.
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EXTRA THYMIC

THYMIC

MEDULLA

PERIPHERY

I Differentiation of T-cells within the thymus gland. Numbers
refer fo CD designation. TCR1 =& receptors; TCR2 = ofi receplors;
TdT = ferminal deoxynucleclidyl tronsferase. Negalively selected cells in
gray. The diogram is partly simplified for the sake of clarity. Autoreactive
cells with specificity for self-antigens nol expressed in the thymus may be
lolerized by extrathymic peripheral confact with antigen. Some vb cells ore
restricted by nonclassieal MHC closs Ib, some by class I and others by

antigen. A significant,_ population of slowly expanding. octivated, double
negative (CD4~8~) or CD4 -8 of T-cells Is present in the periphery and
might be generated in the thymus; their function is unknown but such cells
bearing a fransgenic outoreactive TCR were not downregulated and this
raises the possibility that they represent the T-cell onalog of the self-
reactive CDS B-cell which parficipates in an idiotype network,
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154 Section Il MATURATION, ACTIVATION, AND REGULATION OF LYMPHOCYTES

@ Thymic CD4*CD8*
epithelial cell thymocyte

tD4

cbs e Y Apoptotic
cell death
Failure to recognize peptide-MHC
complex on thymic epithelial cell
B) Thymic CD4*CD8*
epithelial cell thymocyte Mature
CD4*CD8~
thymocyte Rescue from
= programmed
Positive cell death;
selection conversion to
single positive

Low-affinity/avidity gnition of ide-MHC
complex on thymic epithelial cell

C) Thymicantigen-  ~psicpas

presenting cell thyn te
Fa: CD4

Apoptotic
cell death

MHC

High-avidity recognition of peptide-MHC
complex on thymic antigen-presenting cell

Selection processes in the thymus.

A. Lack of positive selection. If the thymocyte T cell receptor (TCR) does not engage in any interactions with peptide—
major histocompatibility complex (MHC) molecule complexes on thymic epithelial cells, it will die by a default pathway
of programmed cell death.

B. Positive selection. If the thymocyte TCR engages in a low-affinity interaction with a self-MHC molecule on a thymic
epithelial cell, it is rescued from programmed cell death and continues to mature. Lack of recognition of MHC on
thymic epithelial cells leads to programmed cell death.

9 If the thymocyte TCR binds peptide-MHC complexes on any thymic antigen-presenting cell with
high affinity or avidity, it is induced to undergo apoptotic cell death.
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Bone marrow Thymus
fetal liver Cortex Medulla Periphery

Helper T
lymphocyte

? Function

Stages of T cell maturation.
Events corresponding to each stage of T cell maturation from a bone marrow stem cell to a mature T lymphocyte are illustrated. Several surface
markers in addition to those shown in the figure have been used to define distinct stages of T cell maturation. TCR, T cell receptar.
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The peptide:MHC complex
is recognized simultaneously by the
T-cell antigen receptor and by
co-receptor molecules. The
co-receptor molecules CD4 and CD8,
on the surface of distinct sets of T
lymphocytes, assist the T-cell receptor
in recognizing target cells by binding to
MHC molecules on the surface of the
target cell. When the T-cell receptor
recognizes a peptide:MHC complex on
Cog another cell, a co-receptor molecule also
binds to the MHC portion of the complex,
thus forming part of the receptor and
helping to activate the T cell. The two
types of co-receptor distinguish between
the two main classes of MHC molecule.
CD4, which is found on the surface of
helper and inflammatory T cells, binds
only to MHC class |l molecules; CD8,
call presanting antigen which is found on the surface of cytotoxic
T cells, binds only to MHC class |
molecules.
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T-cell recognition of
antigens is MHC-restricted. The
antigen-specific receptor of T cells (TCR)
recognizes the complex of antigenic
peptide and MHC. One consequence of
this is that a T cell that is specific for
peptide X and a particular MHC allele,
MHC?, as shown in the left-hand panel,
will not recognize the complex of peptide
X with a different MHC allele, MHC®, as
shown in the middle panel, or the
complex of antigen Y with MHC?, as
shown in the right-hand panel. The
x ¥ co-recognition of peptide and MHC
MHC molecule is known as MHC restriction,

because the MHC molecule is said to
D restrict the ability of the T cell to
T recognize antigen. This restriction may

wHC™ .
result either from direct contact between
| MHC molecule and T-cell receptor, or

antigen-prasenting cell antigen-presenting cell antigen-presenting cell indirectly through an effect of MHC
polymorphism on peptide binding.

Recognition No recognition No recognition
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I Cell-surface molecules of the
immunoglobulin superfamily are
important in the interactions of
lymphocytes with antigen-presenting
cells. In the initial encounter of T cells
with antigen-presenting cells, CD2
binding to LFA-3 on the antigen-
presenting cell synergizes with LFA-1
binding to ICAMs 1, 2, and 3 on the
antigen-presenting cell. Similar adhesive
interactions occur between effector T
cells and their targets (not shown).
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Cell surface molecules involved in the interactions
between B cells and TH cells

Membrane-immunoglobulin (mlg) takes up antigen (Ag)
into an intracellular compartment where it is degraded and
peptides combine with MHC class Il molecules. Other arrows
show the discrete signal-transduction events that have been
established. A and B are the antigen-receptor signal-transduction
events involving tyrosine phosphorylation and phosphoinositide
breakdown. The antigen receptors also regulate LFA-1 affinity for
ICAM-1, possibly through the signal transduction events. Inthe T
cell, CD28 also sends a unique signal to the T cell (C). In the B cell
stimulation via CD40 is the most potent activating signal (D).
Additionally, class Il MHC molecules and CD72 appear to induce
distinct signalling events (E and F). Not shown is the exchange of
soluble interleukins and binding to the corresponding receptors
on the other cell. (Adapted, with permission, from DeFranco,
Nature 1991;351: 603.
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